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In the centrosymmetric title compound, [CdNi 2 (C 17 H 16 - 
N 2 0 2 ) 2 (HCOO) 2 (H 2 0) 2 ]-2H 2 0, The Ni" cation is chelated 
by a 2,2'-[propane-l,3-diylbis(nitrilomethanylylidene)]diphen- 
olate (salpn) anion, and further coordinated by a formate 
anion and a water molecule in a distorted NiN 2 0 4 octahedral 
geometry. The Cd 11 cation, located on an inversion center, is 
coordinated by four deprotonated hydroxy groups from two 
salpn anions and two carboxylate O atoms from formate 
anions in a distorted octahedral geometry. Both formate and 
salpn anions bridge the Cd and Ni cations, forming a trinuclear 
complex. Within the salpn anion, the benzene rings are twisted 
to each other at a dihedral angle of 61.46 (18)°. Intermolecular 
O— H - O hydrogen bonding is present in the crystal 
structure. The lattice water molecule is disorder over two 
positions with an occupancy ratio of 0.75:0.25. 

Related literature 

For background and applications of metal complexes with 
Schiff base ligands, see: Niederhoffer et al. (1984); Tisato et al. 
(1994); Yamada (1999). For the decomposition reaction of 
solvent DMF, see: Wang et at (2004); Zhang et at (2007). 
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Experimental 

Crystal data 

[CdNi 2 (C 17 H 16 N 2 0 2 ) 2 (HC0 2 ) 2 - 

(H 2 0) 2 ]-2H 2 0 
M, = 952.56 
Triclinic, PI 
a = 9.6769 (9) A 
b = 10.6596 (10) A 
c = 10.7996 (10) A 
a = 72.851 (1)° 

Data collection 

Bruker SMART 1000 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2002) 
Tnin = 0.681, r max = 0.751 

Refinement 

R[F 2 > 2a(F 2 )] = 0.026 

W R(F 2 ) = 0.074 

S = 1.06 

3423 reflections 



Table 1 

Selected bond lengths (A). 



P = 63.551 (1)° 
y = 81.478 (1)° 
V = 952.87 (15) A 3 
Z= 1 

Mo Ka radiation 
jtt = 1.60 mm -1 
T = 298 K 

0.26 x 0.20 x 0.19 mm 



4842 measured reflections 
3423 independent reflections 
2910 reflections with / > 2a(l) 
R in . = 0.013 



259 parameters 

H-atom parameters constrained 
A/w = 0.46 e A~ 3 
Apmin = -0.38 e A~ 3 
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Table 2 














Hydrogen-bond geometry (A, °). 










D-H-A 




D—H 
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D-A 


D-H-A 


05-H5^- 


■06" 


0.85 


2.04 




2.662 (12) 


130 


05-H5B- ■ 


■06 1 
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2.29 




2.812 (4) 


120 


06-H6S- ■ 


•04" 


0.85 


1.98 




2.737 (4) 


147 


Q6'-H6'B 


■ 04 u 


0.85 


2.19 




2.769 (12) 


125 


Symmetry codes: (i) x — 


1, v, z; (ii) —x + 


1,-y + l, 


— z - 


1-2. 





Data collection: SMART (Bruker, 2002); cell refinement: SAINT 
(Bruker, 2002); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL. 
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Diaquadi-/<-formato-bis{//-2,2 f -[propane-1 r 3-diylbis(nitrilomethanylyl- 
idene)]diphenolato}cadmium(ll)dinickel(ll) dihydrate 

Jian-Feng Zhang, Bo Wan, Wen Liu and Qian Shi 

Comment 

The molecular design and synthesis of Ni(II) complexes with the salen type Schiff-base ligands have attracted much 
attention in the past few years (Niederhoffer et ah, 1984; Tisato et ah, 1994; Yamada, 1999). Hererin we reported the 
structure of the title complex containing the Schiff base compound, N,N'-bis(salicylidene)-l,3-propanediaminato (salpn). 
In the compound, the formate anion may be generated from the decomposition of DMF solvents in solvothermal 
conditions, it has been reported by Wang et al. (2004) and by Zhang et al. (2007) previously. 

In the title compound, the Cd(II) ion is situated on an inversion centre and two terminal Ni(II) ions are located on the 
symmetrical sides, forming a linear Ni — Cd — Ni trinuclear complex (Fig. 1). The Cd(II) ion has a distorted octahedral 
coordination environment, formed by four O atoms from two salpn ligands in the equatorial plane and two O atoms from 
two formate ligands at the axial positions. The coordination bond lengths and angles around the Cd(II) ion range between 
2.2799 (18)-2.300 (2) A, and 73.23 (7)-106.77 (7)°, respectively. The terminal Ni(II) ions have slightly distorted 
octahedral coordination environments formed by two O atoms and two N atoms from salpn ligands in the equatorial 
plane and two O atoms from formate ligand and auqa at the axial positions. In the Ni coordination sphere bond lengths 
and angles range between 2.0098 (2)-2.205 (2) A, and 84.62 (8) - 177.57 (8)°, respectively. Each pair of metal ions is 
triply bridged via O atoms from salpn ligands and formate ligands. The crystal structure is stabilized by weak O — H-0 
hydrogen bonds. 

Experimental 

A mixture of Cd(N0 3 ) 2 4H 2 0 (0.125 mmol, 0.0418 g), Ni(N0 3 ) 2 6H 2 0 (0.125 mmol, 0.0347 g), 1,3-diaminopropane 
(0.125 mmol, 0.0102 g), salicyladehyde (0.300 mmol, 0.0366 g), DMF (5 ml), CH 3 OH (5 ml) and ditilled water in a 30 
ml Telfon-lined reactor was heated at 373 K for two days. After cooling to room temperature, green crystals are obtained 
for X-ray analysis. 

Refinement 

All H atoms were positioned geometrically with C — H = 0.93 (aromatic), 0.97 A (methylene) and O — H = 0.85 A, and 
allowed to ride in their parent atoms with {/^(H) = 1 .2C/ eq (C) or 1 .5 £/ eq (0). The lattice water molecule is disorder over 
two sites, occupancies were fixed as 0.75 and 0.25 for two components. 

Computing details 

Data collection: SMART (Bruker, 2002); cell refinement: SAINT (Bruker, 2002); data reduction: SAINT (Bruker, 2002); 
program(s) used to solve structure: SHELXTL (Sheldrick, 2008); program(s) used to refine structure: SHELXTL 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
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SHELXTL (Sheldrick, 2008). 
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Figure 1 

The molecular structure of the title compound showing displacement ellipsoids at 30% probability level [symmetry code: 
(i) -x, 1-y, 2-z]. 

Diaqua-lKO,3KO-di-^/-formato- 1 ^OiO'^^OrO'-bis^^'-Ipropane- 1,3- 

diylbis(nitrilomethanylylidene)]diphenolato}- 1 :2K b O,N,N' f O':0,0'; 2:3ic b O,0':0,N,N' ,0'- 2-cadmium(ll)-1,3- 
dinickel(ll) dihydrate 



Crystal data 

[CdNi 2 (Ci7H 16 N 2 02)2(HC02)2(H20)2]-2H 2 0 

M r = 952.56 

Triclinic, PI 

Hall symbol: -P 1 

a = 9.6769 (9) A 

b = 10.6596 (10) A 

c= 10.7996(10) A 

a = 72.851 (1)° 

^ = 63.551 (1)° 

7 = 81.478 (1)° 

V= 952.87 (15) A 3 



Z= 1 

F(000) = 486 

D % = 1.660 Mgnr 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 2961 reflections 

6 = 2.4-27.5° 

ju = 1.60 mm 1 

T=298 K 

Block, green 

0.26 x 0.20 x 0.19 mm 
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Data collection 

Bruker SMART 1000 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
tp and m scan 

Absorption correction: multi-scan 

(SADABS; Bruker, 2002) 
7^ = 0.681, r max = 0.751 



4842 measured reflections 
3423 independent reflections 
2910 reflections with I > 2a(T) 
R mt = 0.013 

#max = 25.3°, ^min = 2.0° 

/*=-ll->-ll 

£="12^12 

/ = -12^11 



Refinement 

Refinement on F 2 

Least-squares matrix: full 

RiF 1 > 2cr(^ 2 )] = 0.026 

wR(P) = 0.074 

S = 1.06 

3423 reflections 

259 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/[a 2 (F a 2 ) + (0.035P) 2 + 0.566P] 

where P = (F 2 + 2F 2 )/3 
(A/(7) max < 0.001 
A/w = 0.46 e A" 3 
Ap mm = -0.38eA- 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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Atomic displacement parameters (A 2 ) 
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U.UJs / (Id) 


A AIOT /1 /1A 
U.U32 / (14) 


A A1 A/1 /1 1\ 

— U.U1U4 (1 3) 


A AOA1 /1 1A 

—V.UZVl (13) 


A AACO /1 OA 

— U.UUDZ (Iz) 


C13 


A AT /I /OA 

U.U/4 (z) 


A AC 1 A / 1 oa 

u.ud 14 (iy) 


U.U4DJ (IS) 


A A01 O / 1 £A 

— U.Uzjz (16) 


A AO/CO / 1 TA 

— U.UZOB (1 /) 


A AA0 1 / 1 CA 
— U.UU83 (ID) 


C 1 A 

C14 


a a/;a /oa 
U.UoU (z ) 


A ATI /OA 
U.U /3 (Z) 


A A/1 T£ / 1 OA 
U.U4 /O (IV) 


A A1 1 A /1 OA 

— U.U3 14 (lo) 


A A1 OO /1 TA 

— u.uiyo (1 /) 


A AA/1 /1 TA 
— U.UU03 (1 /) 


r 1 1 c 


A ACAA /1 OA 

u.uduu (18) 


A AT A /OA 

U.U/4 (z) 


a A/i n n ta 
U.U41Z (1 /) 


A A1 1/^ /1 £A 

— U.UIjo (lo) 


A A1 /^O /1 CA 

— U.U loU (ID) 


A AAOC /1 AA 

— u.uuyD (lO) 


pi/ 
Clo 


A ACTA /1 OA 

U.lDiU (18) 


A AC K /1 OA 
U.UMD (IB) 


A AIOO /1 /:a 

U.U388 (16) 


A AAO 1 /1 /I \ 

— U.UUsl (14) 


A/11/1 /1 /IA 

— U.U161 (14) 


A A1 O/l /I /1A 

— U.U124 (14) 


pn 


A A/I OA /1 £A 

U.U48U (lo) 


A nice nc\ 
U.U388 (ID) 


A AOTT /1 1A 
U.UZ / / (13) 


A AAO/; /1 OA 

— U.UUyo (Iz) 


A A1 /1 OA 

— U.Uloo (iz^) 


A AA1£ /1 1 A 

— U.UU30 (11) 




A ACT/l /1 OA 

U.UD /4 (Iz) 


A A/1 11 P 1 1 A 

U.U413 (11) 


A AOO 1/1 A A 
U.UZSl (1U) 


A AAOI /OA 
— U.UUVJ (V) 


A A 1 C C /OA 

— U.U1DD (y) 


A AAOO /OA 

— u.uuyy (b ) 


Oz 


A A -1 T A / 1 1 \ 

U.U4/U (11) 


A A -1 -1 O / 1 1 A 

U.U44Z (11) 


A A1 /I O /1 A A 

U.U349 (1U) 


A A1 AC /OA 
— U.U1UD (9) 


A A 1 1 A /OA 

— U.U11U (9) 


A A 1 T1 /OA 

—U.U I /3 (9) 


03 


0.0514(12) 


0.0668 (14) 


0.0488 (12) 


0.0087 (10) 


-0.0282(11) 


-0.0278 (ll) 


04 


0.0573 (13) 


0.0668 (14) 


0.0501 (13) 


0.0111 (11) 


-0.0320 (11) 


-0.0294(H) 


05 


0.0472 (12) 


0.0574(13) 


0.0495 (12) 


-0.0086(10) 


-0.0220(10) 


-0.0135 (10) 


06 


0.088 (3) 


0.119(4) 


0.084 (3) 


0.033 (3) 


-0.061 (3) 


-0.060 (3) 


06' 


0.083 (9) 


0.096 (10) 


0.081 (9) 


0.016(7) 


-0.052 (7) 


-0.032 (7) 



Geometric parameters (A, °) 



Cdl— Ol 


2.2809 (18) 


C6— C7 


1.446 (4) 


Cdl— Ol' 


2.2809 (18) 


C7— H7A 


0.9300 


Cdl— 02 


2.2799 (18) 


C8— C9 


1.522 (5) 


Cdl— 02' 


2.2799 (18) 


C8— H8A 


0.9700 


Cdl— 04' 


2.300 (2) 


C8— H8B 


0.9700 


Cdl— 04 


2.300 (2) 


C9— C10 


1.520 (5) 


Nil— Ol 


2.0098 (19) 


C9— H9A 


0.9700 


Nil— 02 


2.0313 (19) 


C9— H9B 


0.9700 


Nil— 03 


2.080 (2) 


C10— H10A 


0.9700 


Nil— 05 


2.205 (2) 


C10— H10B 


0.9700 


Nil— Nl 


2.035 (2) 


Cll— C12 


1.451 (4) 


Nil— N2 


2.026 (2) 


Cll— H11A 


0.9300 


Nl— C7 


1.285 (4) 


C12— C13 


1.403 (4) 


Nl— C8 


1.469 (4) 


C12— C17 


1.423 (4) 


N2— Cll 


1.271 (4) 


C13— C14 


1.371 (5) 


N2— CIO 


1.469 (4) 


C13— H13A 


0.9300 


CI 8— 03 


1.228(4) 


C14— C15 


1.384 (5) 


CI 8— 04 


1.254 (4) 


C14— H14A 


0.9300 


CI 8— HI 8 


0.9300 


C15— C16 


1.377 (4) 


CI— Ol 


1.326 (3) 


C15— H15A 


0.9300 


CI— C2 


1.394 (4) 


C16— C17 


1.404 (4) 


CI— C6 


1.426 (4) 


C16— H16A 


0.9300 


C2— C3 


1.391 (4) 


CI 7— 02 


1.320 (3) 


C2— H2A 


0.9300 


05— H5A 


0.8500 


C3— C4 


1.381 (5) 


05— H5B 


0.8500 


C3— H3A 


0.9300 


06— H6A 


0.8501 


C4— C5 


1.365 (5) 


06— H6B 


0.8499 


C4— H4A 


0.9300 


06— H6'B 


0.9835 
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C5— C6 
C5— H5 



1.401 (4) 
0.9300 



06'— H6'A 
06'— H6'B 



0.8500 
0.8500 



02—0(11—02' 
02— Cdl— 01 
02'— Cdl— 01 
02— Cdl— 01' 
02'— Cdl— 01' 

01— Cdl— 01' 

02— Cdl— 04' 
02'— Cdl— 04' 

01— Cdl— 04' 
01'— Cdl— 04' 

02— Cdl— 04 
02'— Cdl— 04 
01— Cdl— 04 
01'— Cdl— 04 
04'— Cdl— 04 
01— Nil— N2 
01— Nil— 02 
N2— Nil— 02 

01— Nil— Nl 
N2— Nil— Nl 

02— Nil— Nl 

01— Nil— 03 
N2— Nil— 03 

02— Nil— 03 
Nl— Nil— 03 

01— Nil— 05 
N2— Nil— 05 

02— Nil— 05 
Nl— Nil— 05 

03— Nil— 05 
C7— Nl— C8 
C7— Nl— Nil 
C8— Nl— Nil 
Cll— N2— CIO 
Cll— N2— Nil 
CIO— N2— Nil 
03— CI 8— 04 

03— CI 8— HI 8 

04— CI 8— HI 8 
01— CI— C2 
01— CI— C6 
C2— CI— C6 
C3— C2— CI 
C3— C2— H2A 
CI— C2— H2A 
C4— C3— C2 



180.0 
73.23 (7) 
106.77 (7) 
106.77 (7) 

73.23 (7) 
180.0 
94.86 (7) 
85.14(7) 

94.24 (7) 
85.76 (7) 
85.14(7) 
94.86 (7) 
85.76 (7) 

94.24 (7) 
180.0 
173.13 (9) 
84.62 (8) 
88.57 (9) 
90.47 (9) 

96.25 (10) 
173.51 (9) 

91.60 (8) 
89.79 (9) 
93.73 (8) 
90.65 (9) 
88.29 (8) 

90.61 (9) 
88.68 (8) 
86.92 (9) 
177.57 (8) 
117.0(3) 

122.2 (2) 
120.7 (2) 

118.3 (3) 
123.6 (2) 
118.0(2) 

129.4 (3) 
115.3 
115.3 
120.2 (3) 
121.7(3) 

118.1 (3) 

121.5 (3) 
119.2 
119.2 

120.2 (3) 



Nl— C7— C6 
Nl— C7— H7A 
C6— C7— H7A 
Nl— C8— C9 
Nl— C8— H8A 
C9— C8— H8A 
Nl— C8— H8B 
C9— C8— H8B 
H8A— C8— H8B 
CIO— C9— C8 
CIO— C9— H9A 
C8— C9— H9A 
CIO— C9— H9B 
C8— C9— H9B 
H9A— C9— H9B 
N2— CIO— C9 
N2— CIO— HI OA 
C9— CIO— HI OA 
N2— CIO— HI OB 
C9— CIO— HI OB 
HI OA— CIO— HI OB 
N2— Cll— C12 
N2— Cll— H11A 
C12— Cll— H11A 
C13— C12— C17 
C13— C12— Cll 
C17— C12— Cll 
C14— C13— C12 
C14— C13— H13A 
C12— C13— H13A 
C13— C14— C15 
C13— C14— H14A 
C15— C14— H14A 
C16— C15— C14 
C16— C15— H15A 
C14— C15— H15A 
C15— C16— C17 
C15— C16— H16A 
C17— C16— H16A 
02— CI 7— C16 
02— CI 7— C 12 
C16— C17— C12 
CI— 01— Nil 
CI— 01— Cdl 
Nil— 01— Cdl 
CI 7— 02— Nil 



127.5 (3) 

116.3 

116.3 

113.2 (3) 

108.9 

108.9 

108.9 

108.9 

107.7 

113.5 (3) 

108.9 

108.9 

108.9 

108.9 

107.7 

111.2 (3) 

109.4 

109.4 

109.4 

109.4 

108.0 

127.0 (3) 
116.5 
116.5 
119.2 (3) 
117.6(3) 
123.2 (3) 

122.1 (3) 
119.0 
119.0 
118.7(3) 
120.6 
120.6 
121.0(3) 
119.5 
119.5 
121.5 (3) 
119.2 
119.2 
120.9 (3) 
121.7 (3) 
117.4 (3) 
124.49(17) 
134.11 (18) 
98.29 (8) 
123.09 (16) 



Acta Cryst. (2012). E68, m1122-m1123 



sup-6 



supplementary materials 



C4 — C3 — Hi A 


1 1 A A 

119.9 




017 — 02 — Cdl 




135.04 (17) 


C2 — 03 — H3A 


119.9 




Nil — 02 — Cdl 




AT /'A /T\ 

97.69 (7) 


C5 — C4 — C3 


119.2 (3) 




/"< 1 O /"A -> \T' i 

018 — 03 — Nil 




129.3 (2) 


C5 — C4 — H4A 


lz0.4 




CI 8 — 04 — Cdl 




1 n en /1 a\ 

127.57 (19) 


— C4 — H4A 


1 OA yl 




\r 1 riC TTC A 

Nil — (J 5 — H5A 




1 AT A 

103. 0 


CA 






Mil OS U^R 
IN 11 VJ J njD 




11^7 


C4— C5— H5 


118.7 




H5A— 05— H5B 




103.2 


C6— C5— H5 


118.7 




H6A— 06— H6B 




109.5 


C5— C6— CI 


118.3 (3) 




H6A— 06— H6'B 




135.0 


C5— C6— C7 


117.0(3) 




H6B— 06— H6'B 




69.8 


Cl — L-0 — C / 


124. J (5 ) 




Ho A — U0 — rio r$ 




1 no ^ 


Symmetry code: (i) -x, -y+\, -z+2. 












Hydrogen-bond geometry (A, °) 












D—R-A 




D — H 




D-A 


D — K—A 


05—R5AO&" 




0.85 


2.04 


2.662 (12) 


130 






0.85 


2.29 


2.812 (4) 


120 


06— H65-04 1 " 




0.85 


1.98 


2.737 (4) 


147 


06'— H6'5-04 i " 




0.85 


2.19 


2.769(12) 


125 



Symmetry codes: (ii) x-l,y, z; (iii) -x+ 1 , -y+ 1 , -z+2. 
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